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COMPLETE SPECIFICATION 

DRAWINGS ATTACHED 

Metal Tube for Forming Part of a Wall of a Combustion Chamber 



We, Bristol Siddeley Engines 
Limited, a British Company* of Stone- 
bridge House, Colston Avenue, Bristol, 
1. do hereby declare the invention, for 
5 which we pray that a patent may be 
granted to us, and the method by which 
it is to be performed, to be particularly 
described in and. by the following 
statement: — 

10 The invention relates to a combustion 
chamber (e.g., a rocket motor) of the kind 
built up from a plurality of metal tubes 
which are bent to the required longitudinal 
shape and are arranged side- by-side, with 

45 flat side walls abutting those of the neigh- 
bouring tubes, and permanently secured 
together, as by welding; the interiors of 
the tubes serving for the circulation of a 
coolant. With such a combustion chamber, 

20 particularly when it forms a rocket motor, 
or otherwise must withstand a high inter- 
nal pressure, the tubes must be formed 
from such a metal and be of such a wall- 
thickness that they will provide the neces- 

25 saty strength. It is also the case, particu- 
larly where the combustion chamber is of 
varying cross-sectional area (eg., as with 
a rocket motor), that a throat portion is 
formed which will tend to reach an un- 

30 desirably higher temperature than other 
portions of the combustion chamber and 
will, consequently, require more cooling. 
The object of the invention is to meet 
these conditions. 

.35 According to the invention, a constituent 
tube, of a combustion chamber of the kind 
set forth, has the wall which will be pre- 
sented inwardly made to have a higher 
degree of heat-transference, than other 

•40 regions of the tube, in a region which will 
tend to become over-heated during opera- 
tion of the combustion chamber. 
Thus, according to one feature of the 



invention, the tube has a less wall-thickness 
in the said region; whilst according to 4> 
another feature the said region is formed 
from another metal having a higher heat- 
transference characteristic than the metal 
of the remainder of the tube. 

In the case where the higher degree of 5tf 
heat-transference is provided by reducing 
the wall-thickness, that can be done either 
by thinning the wall at the side of the 
tube which will be presented to the inside 
of the combustion chamber, or by com- 55 
pletely removing that portion of the wall 
and substituting it by an insert, of the 
same metal but thinner, sealingly secured 
(e.g. f by welding) to the edge of the hole 
thus formed; while in the case where the 60 
higher degree of heat-transference is pro- 
vided by forming the said region of the 
tube from another metal* the portion of 
the tube which will be presented to the 
interior of the combustion chamber is 65 
removed and a correspondingly shaped in- 
sert of the metal having the higher heat- 
transference characteristic is sealingly 
secured (e.g., by welding) to the edge of 
the hole thus formed. When the insert is 70 
thinner than the remainder of the tube 
wall the edges of the insert, which may 
be a stamping, may be made equal to the 
thickness of the tube wall at the edge of 
the hole so as to facilitate welding it into 75 
position. 

According to a further feature, and in 
the case where the tube is to have its wall- 
thickness reduced in the said region, the 
invention includes the method of making 80 
the tube which includes starting with a 
straight tube of uniform wall-thickness, 
and removing some of the metal from the 
wall in the said region before bending and 
forming the tube to its final shape.' 
: According to yet another feature, and in 
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the case, where the tube is to have an in-, come over-heated has its heat-transference 

sert in the said region, the invention increased by reducing the wall-thickness; 

includes the method of. making 1he tube Figure 11 is a view similar to Figure 2 

which includes starting with a straight tube but corresponding with Figure 10, and 

5 of uniform wall-thickness, .'removing the . Figure 12 is a cross-section, to an en- 70 

wall in the said region, and sealingly clos- Iarged scale, on the line 12^12 of Figure 11. 

ing the opening thus formed in the tube Referring to Figure 1, the tube 20, -of 

wall with an insert, either of the same circular cross-section, is of stainless steel 

metal. but thinner, or of a metal having a and has had a portion at one side removed 

. i.0 higher heat-transference characteristic be- (e.g.. by 'milling right through the wall) 75 

fore bending and framing the tube to its and replaced by an insert 21 of* nickel 

final shape. * which has been welded in position. Hie 

The tube is preferably made in the tube is then bent to the longitudinal shape, 

manner in which an initially straight tube shown in Figure 2, and then pressed srroul- 

15 is first bent to the required longitudinal .taneously in two directions at right-angles 80 

shape and is then pressed simultaneously to each other to invest it with a substan- 

in two (Erections at right-angles to each- daily truncated-wedge-shaped cross-section, 

other to invest it with a substantially trun- - which varies at different . positions along 

eated-wedge-shaped . cross-section such ■ as. the tube, .such as will enable it to be 

20 will enable it to be assembled side-by-side * assembled ' in flat side-by-side relationship 85 

with a plurality of identical tabes to form- with a plurality of identical tubes K> form 

• the combustion chamber, When the tube, a rocket combusion chamber wall of sub- 

of the present invention .is to. be made in stantially circular cross-section, 

this way it will be of a metal (e-g. stainless Figures 4 to 9 inclusive, indicating the 

25. steel) which, can withstand the deformation changes in cross-sectional shape of. the 90 

without detriment to the final tube, and tube of Figure 2, show the stainless steel 

it is preferred for the. wall-thickness of tube at 20 and the nickel insert at 21, the 

the aforesaid region to be reduced, or for edges of- the insert being butt welded to 

fire aforesaid region to be provided by an • the edges formed by the milling operation. 

30 Insert, while the tube is straight By using Instead of the insert 21 being of nickel 95 

stainless steel as the material for the tubes, it can be of the same metal as the tube 

the latter can very conveniently be con- but thinner, and in such a case* or when • 

nected together, after assembly, by welding, the isert is of another metal and its thick- 

In the case where the aforesaid region ness is less than the tube wall-thickness, 

35 is to be provided by an insert, it -is pre- the insert margin can be thickened to 100 

ferred for nickel to be used for the pur- make it equal to the tube wall-thickness 

pose (but it will be understood that other so as to improve the weld as shown in 

suitable metals could be used instead), and Figure* 3- 

the insert can be annealed if necessary be- The insert 21, when of the same thick- 

40 fore the pressing operation is effected. ness as the tube, can either be cut out 105 

In fee accompanying drawings: — from a flat sheet and be bent transversely. 

Figure 1 is a side view of a tube, of to the required form, or be cut from a 

circular cross-section and in the preBmi- tube oi the same diameter as the tube 20, 

nary straight condition, haying the region while in the case where it is thinner than 

45 which will tend to become over-heated the tube wall and has a thickened edge it 110 

formed as an insert of a' metal having a can be formed as a stamping, 

higher heat-transference characteristic than Referring now to Figure 10 the stainless 

. the metal of the remainder of the tube; steel tube 20a shown is again of circular 

Figure 2 is a side view of the tube of cross-section, but for increasing heat- 

50 Figure 1 after it has been bent longi- transference in the desired position its 115 

tudinally, and has had its cross-section wall-thickness is reduced from the outside 

modified to enable it to be assembled side- . in- the region of which one symmetrical - . 

by-side with a plurality of identical tubes half 21a is defined by the dotted line 22 ■ 

to form the. wall, of varying, substantially and of which the other half lies behind 

55 circular cross-section, of a rocket combus- that shown. The tube is then bent , to the 120 

tion chamber; longitudinal shape shown in Figure 11 and 

Figure 3 is a reproduction to a larger then pressed simultaneously in two direc- 

scale of a central portion of Figure 2 but tions- at _ right-angles to each other as 

showing a modification; described with reference to the construc- 

60 Figures 4 to 9 inclusive are , cross- tion shown in Figures 4 to 9, 125 

sections, to a uniformly enlarged scale, on It is the left-hand side of the bent tubes 

the lines denominated-" by - the same shown in Figures 2, 3 and 11 which will 

numerals in Figure 2; form part of the inner wall of the rocket 

Figure 10 is a view similar to Figure 1 combustion chamber, the straight portions 

65 excepting that the region tending to be- 23 shown at the tops of these Figures be- 130 
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ing for forming a cylindrical portion of 
the said chamber, the bottom portions 24 
being for forming a divergent nozzle por- 
tion of the said chamber, and the inter- 
5 mediate curved portion being for provid- 
ing a throat in the said chamber. It is 
obviously in this throat that the highest 
gas temperatures will be encountered, and 
the tubes therefore have their heat- 

10 transference enhanced, by the means of the 
invention, in this region to facilitate the 
cooling of the throat by the coolant pass- 
ing through the tubes. 

WHAT WE CLAIM IS:— 

15 1. A constituent tube, of a combustion 
chamber of the kind set forth, of which 
-the wall that will be presented inwardly 
is made to have a higher degree of heat- 
transference in a region which will tend to 

20 become over-heated during operation of 
the combustion chamber. 

2. A tube, according to Claim 1, in 
which, for increasing the degree of heat- 
transference in the said region, the wall- 

25 thickness in the said region is made less. 

3. A tube,, according to Claim 1 or 2, 
in which, for increasing the degree of heat* 
transference in the said region, the wall in 
the said region is formed from a metal 

30 having a higher heat-transference charac- 
teristic than the metal of the remainder of 
the tube. 

4. The method of making. a tube accord- 
ing to Claim 2 which includes starting 

35 with a straight tube of uniform wall- 
thickness, and removing some of the metal 
from the wall in the said region before 
bending and forming the tube to its final 
shape. 



5. The method of making a tube accord- 40 
ing to Claim 2 which includes starting with 

a straight tube of uniform wall-thickness, 
removing the wall in the said region, and 
sealingly closing the opening thus formed 
in the tube wall with an insert of the same 45 
metal, but thinner, before bending and 
forming the tube to its final shape. 

6. The method of making a tube accord* 
ing to Claim 3 which includes starting 
with a straight tube of uniform wall-thick- 50 
ness, removing the wall in the said region, 
and sealingly closing the opening thus 
formed in the tube, wall with an insert of 

a metal having a higher heat-transference 
characteristic before bending and forming 55 
the tube to its final shape. 

7. A constituent tube, of a combustion 
chamber of the kind set forth, substantially 
as described with reference to Figures 1, 
2 and 4 to 9 of the accompanying 
drawings. 

8. A constituent tube, of a combustion 
chamber of the kind set forth, substantially 
as described with reference to Figure 3 of 
the accompanying drawings. 65 

9. A constituent tube, of a combustion 
chamber of the kind set forth, substantially 
as described with reference to Figures 10 
to 12 of the accompanying drawings. 

WALFORD <fe HARDMAN BROWN. 
• Chartered Patent Agents, 
Roslyn Chambers, 
47, Warwick Road, 
Coventry, 
Warwickshire. 



PROVISIONAL SPECIFICATION 

Metal Tube for Forming Part of a Wan of a Combustion Chamber 

70 We. Bristol Siddeley Engines varying cross-sectional area (e,g.. as with 
Limited, a British Company, of Stone- a rocket motor), that a throat portion is 
bridge House, Colston Avenue, Bristol, formed which will tend to reach an un- 
it do hereby declare this invention to be desirably higher temperature than other 95 
described in the following statement: — portions of the combustion chamber and 

75 The invention relates to a combustion will, consequently, require more cooling, 

chamber fe.g., a rocket motor) of the kind The object of the invention is to meet 

built up from a plurality of metal tubes these conditions. 

which are bent to the required longitudinal According to the invention, the region, 100 

shape and are arranged side-by-side, with which will tend to become over-heated, of 

80 fiat side walls abutting those of die neigh- a constituent tube of a combustion cham- 

bouring tubes, and permanently secured ber of the kind set forth, is made to have 

together, as by weiding. the- interiors of a higher degree of heat-transference than 

the tubes serving for the circulation of a other regions of the tube. 105 
coolant With such a combustion chamber, Thus, according to one feature of the 

85 particularly when it forms a rocket motor, invention, the tube has a reduced wall- 
er otherwise must withstand a high inter- thickness in the said region; whilst accord- 
nal pressure, the tubes must be formed ing to an alternative feature the said 
from such a metal and be of such a wall region is formed from another metal hav- 110 
thickness that they wfll provide the neces- ing a higher heat-transference characteristic 

$0 sary strength. It is also the case, particn- than the metal of the remainder of the 

larly where the combustion chamber is of tube. 
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In the case where the higher degree of 
heat-transference is provided by reducing 
the wall thickness, that can be done either 
internally or externally at the side of the 

5 tube which will be presented to the inside 
of the combustion chamber; while in the 
case where the higher degree of heat- 
transference is provided by forming the 
said region of the tube from another metal, 

10 the portion of the tube which will be pre- 
sented to the interior of tine combustion 
chamber is removed and a correspondingly 
shaped insert of the metal having the 
higher heat-transference characteristic is 

15 sealingly secured (e.g., by welding) to the 
edge of the hole thus formed. The thick- 
ness of the edges of the insert, which may 
be a stamping, may be made equal to the 
edge of the hole so as to facilitate welding 

20 it into position. 

The tube is preferably made in the man- 
ner in which an initially straight tube is 
first bent to the required longitudinal shape 
and is then pressed simultaneously in two 

25 directions at right-angles to each other to 
invest it with a substantially truncated- 
wedge-shaped cross-section such as will 



enable it to be assembled side-by-side with 
a plurality of identical tubes to form the 
combustion chamber. When the tube of 30 
the present invention is to be made in Ihis 
way it will be of a metal (e.g„ stainless 
steel) which can withstand the deformation 
without detriment to the final tube, and it 
is preferred for the wall-thickness of the 35 
aforesaid region to be reduced, or for the 
aforesaid region to be provided by an in- 
sert, while the tube is straight By using 
stainless steel as the material for the tubes, 
the latter can very conveniently be con- 40 
nected together, after assembly, by welding. 

In the case where the aforesaid region 
is to be provided by an insert, it is pre- 
ferred for nickel to be used for the pur- 
pose (but it will be understood that other 45 
suitable metals could be used instead), and 
the insert can be annealed if necessary 
before the pressing operation is effected. 
WALFORD & HARDMAN BROWN, 
Chartered Patent Agents, 
Roslyn Chambers, 
47, Warwick Road, 
Coventry, 
Warwickshire. 
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2 SHEETS jfo drawing Is q reproduction of 
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